A high performance liquid chromatography (HPLC) method is described for detecting ergot in ground or pelleted forages and grains. Samples were extracted with alkaline chloroform, filtered, and applied to silica gel/organic binder cleanup columns. Following elution of pigments with acetone : chloroform, ergopeptine alkaloids were eluted with methanol and analyzed by HPLC with fluorescence detection. Average recovery of ergotamine, the major ergopeptine alkaloid produced by Claviceps, was 93%, with a relative standard deviation of 4.9%. The detection limit of ergotamine was approximately 50 ppb in all feedstuffs. Confirmation of ergopeptine alkaloids was accomplished by treating the parent ergopeptine alkaloids with 0.2% acetic acid to produce their -inine isomers and reexamining by HPLC with fluorescence detection or silica gel/organic binder column cleanup in combination with tandem mass spectroscopy. The method described is a valid alternative to microscopic inspection for detecting ergot contamination in ground or pelleted feedstuffs.
When cool, wet weather occurs during flowering, the fungus Claviceps purpurea readily infects the stigma and ovary of cereal grains (wheat, barley, oats, and rye) and many wild and cultivated grasses used for forage and hay. The ergot spores enter the flower and germinate, and a mycelial sclerotia replaces the seed. Ergot or ergot body is the common name given to the sclerotia, which are readily identified in cereal grains as dark purple or black bodies slightly larger than the grain itself. Ergot sclerotia may contain 0-1 %, by weight of physiologically active ergopeptine alkaloids.
In cattle, 2 distinct clinical syndromes are associated with ergotism: (1) the acute (nervous) form is characterized by convulsions, dizziness, and muscle spasms of the hind limbs that may lead to temporary paralysis, and (2) the chronic (gangrenous) form is characterized by reddening and swelling of the extremities, followed by lameness, which, if allowed to proceed, often results in necrosis of the extremities with loss of hooves and ear or tail tips. 3, 7, 16, 18 Reduced feed intake, poor weight gain, rough hair coat, increased water intake, frequent urination, and heat stress are also associated with chronic ergotism. [5] [6] [7] 16 Ergot contamination usually is identified by visual inspection of the grain and reported as "percent ergot From the Veterinary Medical Diagnostic Laboratory, College of High pressure liquid chromatography (HPLC) with fluorescence detection is a sensitive technique for identifying and quantitating ergopeptine alkaloids. 14, 15, 19 The detection and quantitation of ergometrine, ergotamine, ergokryptine, ergo&tine, ergosine, ergocomine, and their inactive isomers in flour (wheat and rye) and triticale pancake mix have been reported. 14,15 HPLC Veterinary Medicine, University of Missouri, Columbia, MO 65211 procedures have also been developed for measuring (Rottinghaus, Schultz) , the US Department of Agriculture, Animal the ergopeptine alkaloid ergovaline in endophyte-in- (Hill) .
adapted to detect low levels (50-100 ng/g) of ergot bodies." Because ergot sclerotia in grain are routinely removed during cleaning, they may be concentrated in screenings incorporated into livestock feedstuffs. Identification of these sclerotia in ground or milled feeds requires feed microscopy to confirm the presence of characteristic sclerotial structures or chemical analysis for the ergopeptine alkaloids. Thin layer chromatography (TLC) 8 has been used for identification of Claviceps ergopeptine alkaloids but requires microgram per gram levels of alkaloid for detection. Although calorimetric analyses 1, 9, 12, 17 have been employed to measure total alkaloid content in sclerotia and seed, pigments associated with mixed feeds prevent their use.
Ergopeptine alkaloids can be detected and identified in complex matrices by tandem mass spectrometry (MS/MS). 10 This technique has been used to compare ergopeptine alkaloid content in Claviceps sclerotia of tall fescue with that from wheat and barley.
11 Although MS/MS can detect picogram quantities of ergopeptine alkaloids, the cost is prohibitive for routine screening, and few laboratories have MS/MS capability.
Received for publication July 6, 1992. contamination in ground or pelleted feedstuffs.
Materials and methods
Extraction and cleanup. The procedure was adapted from a previously described method. 4 Fifty grams of finely ground sample was weighed into a widemouth polypropylene screwcap bottle with 100 ml chloroform : 0.01 M sodium hydroxide (9:1) and placed on a wrist-action shaker a for 30 min. The contents were allowed to settle, and a 25-ml aliquot of chloroform was filtered b to remove any residual water. The ergot cleanup column contains silica gel and an organic binder which tightly binds ergopeptine alkaloids. The column consists of a R-inch (12.7.mm) biological disc c placed in a 6-ml disposable syringe barrel.
d One gram of ground HL silica gel-organic binder (scraped from TLC plates e ) was added, followed by another biological disc, 0.5 g sodium sulfate, and another biological disc. The column was prewashed with 10 ml chloroform, and 10 ml filtrate was applied. Pigments were removed from the silica gel by washing the column with 5 ml acetone : chloroform (75:25), followed by 5 ml anhydrous ethyl ether. Vacuum was continually applied until the column was no longer cool to the touch, indicating that ether was totally removed. Ergopeptine alkaloids were eluted with 2 ml methanol and combined with 2 ml distilled water. The eluant was passed through a 0.22-µm nylon 66 membrane filter f prior to HPLC analysis. Analytical methodology. Ergopeptine alkaloids were determined by HPLC with fluorescence detection using a previously described procedure.
14 Because many of the ergopeptine alkaloids produced by Claviceps are not commercially available, 0.5 g ground ergot sclerotia was extracted with 20 ml methanol to provide a standard mixture of ergopeptine alkaloids. The solution was filtered, and 5 ml was combined with an equal volume of distilled water. Because the ergopeptine alkaloids are unstable in solution and are light sensitive, ergotamine standards g (50-500 ng/ml) were prepared in methanol : water (1: 1) daily. Twenty microliters were injected into an HPLC equipped with a fluorescence detector (excitation 250 nm, emission 420 nm) and an 8.5-cm Cl8 (3 µm) analytical column .
h The mobile phase, 38% acetonitrile in a 200-mg/liter solution of ammonium carbonate in distilled water, was pumped at 1 ml/min. As reported in a previously described procedure, 15 a saturator silica gel column was required prior to the injector to prevent deterioration of the analytical column at the alkaline pH of the mobile phase.
Confirmation by HPLC. The 4-ml methanol : water solutions of samples found positive for ergots were treated with 0.2% acetic acid (80 µ1) and heated at 65 C for 30 min. The extracts were reexamined by HPLC for the presence of inactive -inine isomers of the ergopeptine alkaloids.
Confirmation by tandem mass spectroscopy. Mass spectra were collected on a tandem mass spectrometer i equipped with a direct exposure probe (DEP) as previously described. 10 Figure 1. HPLC chromatograms of (A) methanol extract and (B) column cleanup of ergot bodies containing ergosine (l), ergotamine
Sample extracts were dissolved in 60 µ1 of methanol, and l-2 µ1 was applied to the DEP. After methanol evaporation,
, ergocomine (3), ergokryptine (4), unknown (5), ergosinine (6), ergocristine (7), ergotaminine (8), ergocorninine (9), ergokryptinine the DEP was inserted into the spectrometer source. The DEP (10), and ergocristininc (11). was heated on a temperature ramp from 80 C to 600 C at 300 C/minute. The mass spectrometer was operated in the negative chemical ionization (NCI) and daughter ion (MS/ MS) modes using methane as the reagent gas and argon as Table 1 . Parent ion and daughter ion base peak with typical results for ergot bodies and ergot contaminated feedstuffs. the collision gas. Parent ions were set specifically for each compound tested and within individual runs; daughter spectra for ergotamine, ergocomine, ergovaline, ergoptine, ergostine, ergocristine, ergosine, and ergokryptine were collected.
Results
A method for ergovaline analysis in tall fescue 4, 13 was adapted for rapid analysis of pelleted or ground feedstuffs for ergot contamination. The ergopeptine alkaloids produced by Claviceps were readily extracted with chloroform : 0.01 M sodium hydroxide and exhibited strong adsorption to the organic binder found in HL silica gel; e this property was used to clean up feedstuffs. Pigments were removed by washing the column with acetone : chloroform, and the alkaloids were eluted with methanol. Recoveries of ergotamine added to wheat samples at concentrations ranging from 50 to 1,000 ng/g averaged 93%, with a relative standard deviation of 4.9%. The described HPLC method 14 readily separated the major ergopeptine alkaloids and their -inine isomers produced by Claviceps purpurea (Fig.  1A) . However, the physiologically inactive -inine isomers did not bind to the organic binder in the silica gel column and did not appear in chromatograms of ergot-contaminated samples analyzed by this procedure (Fig. 1B) . The detection limit for individual ergopeptine alkaloids was estimated at 50 ng/g in most feedstuffs.
Ergot contamination ( Fig. 2A) was confirmed by isomerizing the ergopeptine alkaloids. This was done by heating the remaining sample solution (4 ml) from HPLC analysis in 2% acetic acid and reexamining it Figure 2 . HPLC chromatograms of (A) a highly ergotized wheat for the appearance of inactive ergopeptine alkaloid sample and (B) confirmation of ergot contamination by acid isomerization of the ergopeptine alkaloids. Ergopeptine alkaloids are -inine isomers by HPLC (Fig. 2B). ergosine (l), ergotamine (2), ergocornine (3) ergokryptine (4), unValidation of the confirmatory procedure was done known (5) ergosinine (6) ergocristine (7), ergotaminine (8), ergo-using MS/MS. Typical results from MS/MS analysis corninine (9), ergokryptinine (10), and ergocristinine (11).
of ergot bodies and ground feed are shown in Table 1 . Based on HPLC results and subsequent MS/MS mea-surement, detection limits for the individual ergopeptine alkaloids was estimated at 100 ppb by MS/MS.
Discussion
Although a number of methods for determining ergopeptine alkaloids in cereal grains have been reported 1, [8] [9] [10] [11] [12] 14, 15, 17 a sensitive method suitable for rapid screening for ergot contamination in ground feedstuffs was needed. The method described here combines a rapid extraction and cleanup procedure 4 with a sensitive HPLC method 14 for detection and quantitation. Previous published procedures have used direct analysis of methanol extracts 19 or acid-base extraction 4 for sample cleanup; both require evaporation steps. In each case, a relatively clean matrix (seed or flour) was being analyzed. The unique property of the organic binder in HL silica gel used in cleanup columns for fescue plant tissue 13 analysis was well suited for the complex matrices encountered with commercially prepared feeds, and the column eluant could be analyzed directly without additional extraction and/or evaporation steps. These co1umns function by 2 processes: (1) ergopeptine alkaloids were bound to the organic binder and (2) a number of plant pigments were bound to the silica gel. Although the column might appear overloaded due to the large quantity of plant pigments, this was of no concern because the ergopeptine alkaloids are bound only by the organic binder. Chloroform : acetone elution removed plant pigments from the silica gel but had no effect on the binding of ergopeptine alkaloids to the organic binder. To rem ove all the residual chloroform, 5 ml anhydrous ethyl ether was passed over the column. The ergopeptine alkaloids were then quantitatively (93%) eluted from the organic binder with methanol.
The HPLC chromatograms of an ergot body extract before and after cleanup are shown in Fig. 1A and 1B. The physiologically active ergopeptine alkaloids are present in both chromatograms, but the inactive -inine isomers, not retained by the HL silica gel column, are absent. In ergot-contaminated feedstuffs ( Fig. 2A) , the multiple peak pattern for ergosine, ergotamine, ergocomine, ergokryptine, and ergocristine are diagnostic for ergot contamination. The 5 ergopeptine alkaloids are readily identified by comparing their retention times to those of the standard mixture prepared from ground ergot bodies. This procedure has been used to analyze cereal grains, screenings, complete swine and poultry rations, hay, extruded feeds, and silage with no interferences from sample matrices. An occasional sample with a single peak at the same retention time as an ergopeptine alkaloid (Fig. 3) is not an indication of ergot contamination; to indicate ergot contamination, all the ergopeptine alkaloid peaks must be present in the chromatogram. Results from MS/MS have been Because of the low detection limit achieved with this procedure, a sensitive method for confirmation was needed. For this, the convenient loss of the inactive -inine isomers during sample cleanup was used to advantage. By heating the suspected sample in 2% acetic acid, isomerization about the C-8 carbon of lysergic acid occurred, producing the inactive -inine isomers of the 5 major ergopeptine alkaloids. Reexamination by HPLC (Fig. 2B ) revealed a reduction in peak height of the previously detected ergot alkaloids ( Fig. 2A ) and the appearance of 5 additional peaks of the -inine isomers. These additional peaks were readily identified by comparing their retention times with that of the standard mixture prepared from methanol extraction of ergot bodies (Fig. 1A) .
Confirmation by MS/MS was rapid and sensitive. The MS/MS technique originally described 10 that was capable of discrimination of 12 ergopeptine alkaloids was extended to significantly lower concentration as a result of application of the silica gel/organic binder column cleanup. Extracts of ergot bodies contained high concentrations of ergopeptine alkaloids (> 10 ppm each), and the direct MS/MS determination without solvent reduction and/or cleanup was possible; data were consistent with previous findings. 10 However, samples containing lower concentrations (0.1-10 ppm each) were a problem until the advent of the silica gel/ organic binder column cleanup. The column allowed application of the MS/MS technique at significantly lower concentrations. Although MS/MS is considered the ultimate technique in selectivity and sensitivity, detection below the 1-10 ppm range was not possible without solvent reduction and cleanup. Twelve ergopeptine alkaloids can be detected by negative ion daughter MS/MS from 9 parent fragments (Table 1 ). Molecular anions are very small and not sufficient for MS/MS work. The tricyclic peptide fragment is the major fragment and was used as the parent in the MS/MS procedure. 10 For those with similar parent fragments, there were differences in daughter ion spectra. Mixed daughter spectra were obtained for ß-ergosine, ergonine, and ergosine (m/Z 280 parent); ß-ergoptine, ergoptine, and ergocomine (m/z 294 parent); and α− and ß-ergokryptine. The ergosines are easily distinguished from ergonine by the differing base peaks, as with ergoptines and ergocornine. The isomeric alkaloids can be distinguished using a MS/MS procedure that scans parent ions. However, from a practical standpoint, it was not necessary to know which isomer (or both) was present. The -inine isomers yield mass spectra identical to that of the parent compound and cannot be distinguished. This is an advantage in situations where extracts have for some reason been allowed to "isomerize" prior to MS/MS analysis.
Mass spectra obtained from extracts of ergot-contaminated feedstuffs typically show the presence of 6-10 ergopeptine alkaloids similar to that obtained from HPLC. This pattern is identical to that obtained from ergot bodies; no one alkaloid has been found to dominate. Because pure analytical standards are not available for all the ergopeptine alkaloids, it was not possible to quantitate using MS/MS. Only relative concentration data were obtained.
Although the described method is not quantitative for all the ergopeptine alkaloids, it is a valuable screening tool for detecting and confirming ergot contamination in ground or pelleted feedstuffs and is used routinely in the Missouri Veterinary Medical Diagnostic Laboratory.
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